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PREFACE 

The modeling study reported herein was requested by the Department of 

the Navy, Officer in Charge of Construction (OICC), Kings Bay, in a letter to 

the US Army Engineer Waterways Experiment Station (WES) dated 16 September 

1982. WES was requested to undertake a modeling study to examine the hydro- 

dynamics and sedimentation processes of the Kings Bay Submarine Base harbor 

facilities and channels, to predict long-term average maintenance dredging 

requirements for planning channel enlargements, and to evaluate possible re- 

medial measures. A two-part study was developed. Part one, referred to as 

Model A, was a hybrid model (coupled physical and numerical models) designed 

to address the interior portion of the system, inland of the throat of 

St. Marys inlet. The second part, Model B,* addressed the outer portion 

seaward of the inlet throat. This report is part of the Model A study and 

describes the remedial measures physical model study. Other reports** 

describe the hybrid modeling system in detail and address the physical and the 

numerical model verifications and numerical model evaluations of remedial 

measures. 

This study was conducted in the Hydraulics Laboratory of WE§ under the 

general supervision of Messrs H. B. Simmons and F. A. Herrmann, Jr., former 

and present Chiefs of the Hydraulics Laboratory, respectively; R. A. Sager, 

Assistant Chief of the Hydraulics Laboratory; W. H. McAnally, Chief of the 

Estuaries Division; R. A. Boland and J. V. Letter, former and present Chiefs 

of the Estuarine Simulation Branch, Estuaries Division; and M. A. Granat, 

Estuarine Engineering Branch, Estuaries Division, Project Manager. Mr. N. J. 

Brogdon, Jr., Estuarine Simulation Branch, was Project Engineer for the 

physical model and Mr. Granat was Project Engineer for the numerical models. 

Physical model technicians who assisted throughout the investigation included 

* S. Rao Vemulakonda, Norman W. Scheffner, Jeffrey A. Earickson, and Lucia 
W. Chou. 1988 (Apr). "Kings Bay Coastal Processes Numerical Model," Tech- 
nical Report CERC-88-3, US Army Engineer Waterways Experiment Station, 
Vicksburg , MS. 

** Mitchell A. Granat, Noble J. Brogdon, John T. Cartwright, and William H. 
McAnally, Jr. 1989 (Jul). "Verification of the Hydrodynamic and Sediment 
Transport Hybrid Modeling System for Cumberland Sound and Kings Bay Naviga- 
tion Channel, Georgia," Technical Report HL-89-14, US Army Engineer Water- 
ways Experiment Station, Vicksburg, MS. 



J. S. Ashley, J. T. Cartwright, C. R. Holmes, and D. M. White, all of the 

Estuarine Simulation Branch. 

This report was prepared by Mr. Brogdon with the assistance of 

Messrs Letter, Granat, and McAnally. 

Commander and Director of WES during preparation of this report was 

COL Larry B. Ful ton ,  EN. Technical Director was Dr. Robert W. Whalin. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENTS 

Non-SI units of measurements used in this report can be converted to SI 

(metric) units as follows: 

Mu1 t ip lv Bv To Obtain 

cubic feet per second 0.02831685 cubic metres per second 

feet 0.3084 metres 

miles (US statute) 1.609344 kilometres 

square feet 0.09290304 square metres 

square miles (US statute) 2.589988 square kilometres 



KINGS BAY UPPER BASIN REMEDIAL MEASURES 

Physical Model Studv 

PART I: INTRODUCTION 

Background 

1. Ownership of the Kings Bay Facility, located adjacent to Cumberland 

Sound in Southeast Georgia, was transferred from the Department of the Army to 

the Department of Navy in July 1978 for development of a naval submarine base 

for Poseidon class submarines. Extensive modifications to Kings Bay, adjacent 

areas, and connecting channels were initiated in 1978 to adapt Kings Bay to a 

Poseidon class submarine base. These modifications, etc. are described in the 

verification report.* The Model B report** describes modifications to the 

St. Marys inlet and offshore ocean entrance channel. 

2. h hybrid modeling system (coupled physical and numerical models) was 

developed to investigate the effects of Kings Bay and channel modifications on 

hydrodynamics and sedimentation within the study area. This same approach 

(hybrid modeling) was used to evaluate potential remedial measures. This 

report presents the results of the physical model study conducted to determine 

effects of 9 remedial measure plans on hydrodynamic conditions. A subsequent 

numerical model report will address the effects of various remedial plans on 

sedimentation. 

Obiectives 

3. The primary objectives of the modeling study were to predict average 

* Mitchell A. Granat, Noble J. Brogdon, John T. Cartwright, and William H. 
McAnally, Jr. 1989 (Jul). "Verification of the Hydrodynamic and Sediment 
Transport Hybrid Modeling System for Cumberland Sound and Kings Bay Naviga- 
tion Channel, Georgia," Technical Report HL-89-14, US Army Engineer Water- 
ways Experiment Station, Vicksburg, MS. 

** S. Rao Vemulakonda, Norman W. Scheffner, Jeffrey A. Earickson, and Lucia 
W. Chou. 1988 (Apr). "Kings Bay Coastal Processes Numerical Model," Tech- 
nical Report CERC-88-3, US Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 



currents and long-term average maintenance dredging requirements for enlarged 

channel and port facilities for the submarine base, to develop and evaluate 

remedial measures that might reduce sedimentation without adversely affecting 

ship handling, and to enhance base operational readiness. Another primary 

goal of the entire study effort was to maintain a fast-track pace to provide 

the Navy with results on priority tasks while maintaining the required flexi- 

bility to adapt to project design changes. Model results were provided to the 

Navy in memorandum format as they became available. 

4. The objective of the model tests described here was to collect 

hydrodynamic data to be used to: (a) evaluate the hydrodynamic impacts and 

(b) supply boundary conditions for the numerical modeling effort on the shoal- 

ing rate impacts in Kings Bay and navigation channel of various channel design 

plans. 

Scope 

5. This report describes the tests and results of the physical model 

remedial measure study. Nine plans were investigated during the course of the 

s tudy . 

Mode 1 

6 .  The Kings Bay model reproduces approximately 206 square miles of the 

prototype area including about 14 miles of the St. Marys River (7 miles up- 

stream from St. Mary); the Jolly River: about 6 miles of the Amelia River; 

all of Cumberland Sound, and Kings Bay area; about 13 miles of the Crooked 

River upstream to Sheffield Island, and about 9 miles of the Cumberland 

Dividings and River to Terrapin Point; the system of sloughs, creeks and 

rivers that effect tidal action throughout the model area; about 220 square 

miles of the Atlantic Ocean from about 5 miles south and 14 miles north of the 

respective St. Marys Inlet jetties. The ocean area was reproduced to well 

beyond the 45 ft contour, about 4 miles seaward of the jetties; the remaining 

ocean area, ocean boundary, was molded at a flat 100 ft elevation. Propaga- 

tion of tidal flow through the St. Andrews system was simulated with an arti- 

ficial labyrinth system opening to the model ocean. The model limits of the 

area reproduced are shown in Figure 1. 



7. The model was constructed to linear length scale ratio, model to 

prototype of 1:100 vertically and 1:1000 horizontally. From the basic length 

ratios the following relations were computed by the Froudian relations: 

Characteristic Ratio 

Slope 10 : 1 

Ve1ocityP:lO 

Time1 : 100 

Dischargel:1,000,000 

Volumel:100,000,000 

Area (cross-section)l:10O900O 

Area (horizonta1)1:1,0009000 

The salinity ratio for the study was 1:1: One prototype cycle (semidiurnal) 

of 12 hr 25 min was reproduced in the model in 7.452 min. Horizontal grid 

coordinates are based on the GA. coordinate system, and vertical control was 

based on local mean low water (mlw) datum. The model was approximately 126 ft 

long and 108 ft wide and covered an area of about 12,600 sq ft. It was com- 

pletely inclosed to protect it and its appurtenances from the weather, and to 

permit uninterrupted operation. 

8. A description of the model and appurtenances, and details of model 

adjustment, verification, limitation, and accuracy are presented in Granat 

et al.* 

* Op. cit. 

7 



PART 11: MODEL TEST CONDITIONS 

9 .  All physical model tests reported herein were conducted with the 

model operating with a 5.7 ft tide (ocean), a source salinity concentration of 

32.5 ppt, and a total freshwater inflow of 1,100 cfs. The St. Marys River and 

Crooked River freshwater inflows were 1,000 cfs and 100 cfs, respectively. 

10. The location of stations monitored for each test condition are 

shown in Figure 1. Current velocity and direction data were collected at 

35 locations throughout the model, and water surface elevation data at 

10 locations. The data presented herein represents the average of at least 3 

repeated measurements. Current velocities and water surface elevation data 

were monitored over a period of 3 tidal cycles and averaged. No salinity data 

were obtained during this phase of the testing program. 

11. The basic channel conditions are shown in Figure 2. The entrance 

channel was 500 ft wide and had a total depth of 4 9  ft mlw. The interior 

navigation channel from Fort Clinch to Kings Bay entrance had a minimum width 

of 500 ft and a depth of 4 6  ft mlw. Kings Bay and Upper Turning Basin had a 

depth of 4 9  ft mlw. The Magnetic Silencing Facility (MSF) area had a depth of 

46 ft mlw. The Poseidon Floating dry dock and tender area (PSDN/ARDM) was at 

a depth of 41 ft mlw, and the Small Boat Basin had a depth of 21 ft mlw. The 

Atlantic Intracoastal Waterway Realignment route C was molded in to a depth of 

12 f-t mlw. 



PART 111: DESCRIPTION OF PLANS 

1 2 .  Plan P4-Z was the bas ic  plan condit ion requested by O I C C  i n  August 

1985 (here in  re fe r red  t o  as  base) and consis ted  of the above described channel 

condi t ions .  A l l  plan t e s t  data  (P4-2 through P4-10) reported here in  was com- 

pared t o  Plan P4-Z da ta  t o  determine e f f e c t s .  Plan P4-Z was not  Pre-Trident 

condit ions nor ex i s t i ng  condit ions.  

13. Plan P4-2 consis ted  of base condit ion channel dimensions and depths 

p lus  upper Kings Bay closed o f f  from Marianna Creek and Crooked River with a 

t i d e  b a r r i e r  s t r uc tu r e  extending from the northern end of the dry dock t o  the 

northern end of Crab Is land (Figure 2 ) .  

14. Plan P4--3 consis ted  of the base condit ion channel dimensions and 

depths,  p lus  the t i d e  b a r r i e r  a s  described f o r  Plan P4-2; however, a  400-ft- 

wide t i d e  gate was i n s t a l l e d  near the center  of the b a r r i e r  (Figure 2 ) .  Model 

t e s t s  were conducted with the  t i d e  gate closed during the f lood phase of the 

t i d e  cycle (h r  3 through 10) and open during the ebb phase of the t i d e  cycle 

(h r  0 through 3 and h r  10 through 12 .42) .  

15.  Plan P4-4 was the same as  Plan P4-3, except f o r  the  b a r r i e r  gate 

operat ion,  which was reversed.  The t i d e  gate was open during the  f lood phase 

of the  t i d e  cycle (h r  3 through l o ) ,  and closed during the ebb phase of the  

t i d e  cycle ( h r  0 through 3 and h r  10 through 12.42) .  

16. Plan P4-5 consis ted  of base condit ion channel dimensions and depths 



with the  a d d i t i o n  of a dredged channel extending from upper Kings Bay through 

the  small  s t ream connecting the  upper b a s i n  t o  t h e  South Fork of the  Crooked 

River (Figure 2 ) .  The connecting channel had a width of 400 f t  and a depth of 

16 f t  m l w .  There was no t i d a l  b a r r i e r .  

17 .  P lan  P4-6 was s i m i l a r  t o  Plan P4-5, except  t h a t  a t i d e  b a r r i e r  was 

i n s t a l l e d  wi th  a ga te  loca ted  approximately half-way between the  nor thern  end 

of the  dry dock and Crab I s l and  (Figure 2 ) .  Model t e s t s  were conducted wi th  

the  t i d e  ga te  c losed  during the  f lood  phase of  t h e  t i d e  cycle  ( h r  3 through 

l o ) ,  and open during the  ebb phase of the  t i d e  cyc le  (h r  0 through 3 and h r  10 

through 1 2 . 4 2 ) .  

18 .  Plan P4-7 was s i m i l a r  t o  Plan P4-6, except  t h a t  the  t i d e  ga te  oper- 

a t i o n  was r eve r sed .  Model t e s t s  were conducted wi th  the  t i d e  ga te  open during 

the  f lood phase of the  t i d e  cycle  (h r  3 through 10) and c losed  during the  ebb 

phase of the  t i d e  cycle  ( h r  0 through 3 and h r  10 through 1 2 . 4 2 ) .  

1 9 .  Plan P4-8 cons i s t ed  of base condi t ion  channel dimensions and depths 

with t h e  a d d i t i o n  of a 400 f t  wide by 16 f t  deep channel extending from upper 

Kings Bay northwest  through Marianna Creek t o  Crooked River j u s t  downstream 

from the  Crooked River S t a t e  Park (Figure 2 ) .  There was no t i d a l  b a r r i e r .  

20. Plan P4-9 was s i m i l a r  t o  Plan P4-8, except  f o r  the  add i t ion  of a 

gated t i d e  b a r r i e r  connecting the  nor thern  end of the  dry dock t o  the  nor thern  

end of Crab I s l a n d .  Model t e s t s  were conducted wi th  t h e  t i d e  ga te  c losed  

during the  f l o o d  phase of the  t i d e  cycle  (h r  3 through 10) and open during the  

ebb phase of t h e  t i d e  cycle  (h r  0 through 3 and h r  10 through 12 .42) .  



2 1 .  Plan P4-10 was i den t i c a l  t o  Plan P4-9, except the  operation of the  

t i d e  gate was reversed.  Model t e s t s  were conducted with the t i d e  ga te  open 

during the  f lood phase of the t i d e  cycle (h r  3 through 10) and closed during 

the ebb phase of the  t i d e  cycle (hr  0 through 3 and h r  10 through 12.42) .  



P M T  IV: TEST RESULTS 

22. The physical model test results for each of the 9 plans tested are 

compared to the base Test results (Plan P4-Z). The test results are presented 

in three basic data groups; (a) Plans P4-2, P4-3, and P4-4 - base channel 

dimensions plus barriers, (b) Plans P4-5, P4-6, and P4-7 - Kings Bay to 

Crooked River South Fork connecting channel installed, (c) Plans P4-8, P4-9, 

and P4-10 - Kings Bay to Crooked River (Crooked River State Park) connecting 

channel installed. 

23. The effects of Plans P4-2, P4-3, and P4-4 on hourly water surface 

elevations throughout a tidal cycle are presented in Plates 1 to 4, and the 

effects on hourly current velocities in Plates 5 to 39. The effects of the 

plans at selected locations, presented as channel profiles of flow predomi- 

nance and maximum current velocities, are shown in Figures 3 to 5, and 

Figures 6 to 8, respectively. 

24. The effects of Plans P4-5, P4-6, and P4-7 on hourly water surface 

elevations and hourly current velocities throughout a complete tidal cycle are 

presented in Plates 40 to 43, and 44 to 78, respectively. The effects of 

Plans P4-5, P4-6, and P4-7 on flow predominance and maximum current velocities 

are shown in Figure 9 to 11, and 12 to 14, respectively. 

25. The effects of Plans P4-8, P4-9, and P4-10 on hourly water surface 

elevations and hourly current velocities throughout a complete tidal cycle are 

shown in Plates 79 to 82, and Plates 83 to 117, respectively. Effects of 

above plans on flow predominance and maximum current velocities are shown in 

Figures 15 to 17 and 18 to 20, respectively. 

26. Current velocity data for base and all plan tests were analyzed to 

determine flow predominance. This method of presenting current velocity data 

reduces magnitude, direction, and duration of the currents to a single expres- 

sion that defines the predominant direction and percentage of total flow at 

any given point. This expression was derived from a conventional plot of 

velocity versus time at any given point. The areas subtended by both ebb and 

flood portions of the curve were measured and summarized. The area subtended 

by the flood portion of the curve was then divided by the total area to deter- 

mine what percentage of the total flow was in the flood direction. For sim- 

plification, only the percent of flow in the flood direction was calculated, 

then a value of 50 percent was subtracted from each calculation to determine 



predominant direction and magnitude. A negative ( - ) sign and a positive 

( + ) sign were designated to indicate predominant ebb and flood directions, 

respectively. Using this method of analysis, a value of 0 percent indicates 

that flow in both the ebb and flood directions is equally balanced; the ebb 

and flood portion of the velocity curve are equal. A value of +50 percent 

indicates that flow at that point is in the flood direction at all times dur- 

ing a tidal cycle, while a -50 percent value indicates flow in the ebb direc- 

tion throughout a tidal cycle. The figures in this report use the above 

method to show flow predominance. 



PART V: DISCUSSION OF TEST RESULTS 

27. No effort will be made to discuss the effects of the various plans 

at each individual data collection station. The analysis will concentrate on 

data collected at stations located along the navigation channel centerline and 

into and through Kings Bay proper. Major emphasis will be placed on effects 

to water surface elevations, flow predominance, and maximum current veloci- 

ties. Current velocity data for base and all plan tests were analyzed to 

determine flow predominance. 

Plan P4-2 

28. Effects to water surface elevations at most stations throughout the 

estuary were generally within the limits of model repeatability (see Part VI). 

The plan resulted in lowering the water surface plane about 0.1 ft at sta- 

tions 6 and 7, both located south of the proposed tide barrier. The maximum 

effect to water surface elevations was observed at station 10, located north 

of Kings Bay and proposed barrier. Plan P4-2 at station 10 resulted in low- 

water and high-water increases of 0.7 ft and 0.3 ft, respectively. This re- 

sulted in a tidal range reduction of 0.4 ft. 

29. Effects of plan P4-2 on flow predominance values are shown in Fig- 

ures 3-5. These data show that plan P4-2 had very little effect on flow pre- 

dominance values in the navigation channel from the estuary entrance upstream 

to about station 1385 (Drum Point Island). However, stations located upstream 

from Drum Point Island and continuing into Kings Bay were influenced by the 

installation of the Plan. Flow predominance values at the surface resulted in 

further weakening existing weak ebb flow predominance values. Flow predomi- 

nance values at both middepth and bottom were generally changed from the flood 

direction to the ebb direction, opposite the effect observed at the surface. 

Overall the plan resulted in increased flow predominance in the ebb direction 

through Kings Bay. 

30. Maximum current velocities (Figures 6-8) along the navigation chan- 

nel were influenced very little downstream from Drum Point Island. Maximum 

current velocities at the surface, both ebb and flood, were reduced from about 

1.0 fps - 1.5 fps to less than 0.5 fps from Kings Bay entrance (Station 1182) 

to the upper end of Kings Bay (Station 2089) with the plan installed. 



Middepth and bottom maximum current velocities were likewise reduced from an 

average velocity of about 0.8 fps to less than 0.2 fps with the plan in- 

stalled. Maximum ebb current velocity at station 1014 (located upstream of 

the closure in Marianna Creek) was reduced from 3.3 fps to 0.8 fps. The maxi- 

mum flood velocity was reduced from 1.8 fps to 0.8 fps with the plan 

installed. 

Plan P4-3 

31. The effects of Plan P4-3 on water surface elevations are shown in 

Plates 1-4. Very little change in water surface elevations were observed at 

stations 1, 2, and 3. Stations 4-9 showed a slight reduction in the water 

surface plane with the plan installed. Low-water elevation at station 10 was 

raised 0.4 ft and high-water elevation was lowered 0.3 ft, resulting in a 

range reduction at this station of 0.7 ft. Both low-and-high water occurred 

about 1 hr later than observed during base test. 

32. The effects of Plan P4-3 on flow predominance are shown in Fig- 

ures 3-5. Flow predominance values at stations located along the navigation 

channel from the estuary entrance to Kings Bay entrance (Station 1182) changed 

very little with the plan installed. The small changes observed in this reach 

of the channel were generally in the direction of increased ebb flow. The 

largest changes occurred in Kings Bay where large increases in flow predomi- 

nance in the ebb direction was observed, as expected, since the tide gate was 

closed during flood and opened during ebb tide. An exception to this was ob- 

served at station 1142 (middepth and bottom), where the increase in the flow 

predominance was toward a stronger flood flow. However, flow predominance 

values at this station should be used with extreme caution since the veloc- 

ities were extremely low, particularly at middepth and bottom, for both base 

and plan conditions. Very small changes in velocity magnitude can sometimes 

be reflected as large changes in the flow predominance calculations at loca- 

tions where current velocities are low in magnitude. 

33. Effects on maximum current velocities are shown in Figures 6-9. 

Maximum current velocities along the navigation channel from the estuary 

entrance to Kings Bay entrance were influenced very little by the plan. Gen- 

erally, both maximum ebb and flood current velocities were decreased inside 

Kings Bay as a result of the plan. 



Plan P4-4 

34. The effects of Plan P4-4 on water surface elevations are shown in 

Plates 1-4. The largest effects occurred at stations 6, 7 and 10, each lo- 

cated in Kings Bay or immediate vicinity. The water surface plane was lowered 

about 0.1 ft at station 6, and the phase at station 7 was about 15 min earlier 

than base. The range at station 10 was decreased about 0.4 ft; low-water 

occurred about 45 min later, and high-water about 15-30 min later than base 

conditions. 

35. The effects of Plan P4-4 on flow predominance values are shown in 

Figures 3-5. Flow predominance values, like those observed with Plans P4-2 

and P4-3, were changed very little from the estuary entrance up to Kings Bay 

entrance. As expected, with the tide gate open during flood tide and closed 

during ebb tide, the flow predominance values were increased in the flood 

direction throughout Kings Bay (sta 1851-2089). 

36. Maximum current velocities are shown in Figures 6-8. These data 

show that Plan P4-4 had a minimum impact on maximum current velocities in the 

navigation channel south of Kings Bay entrance. Inside Kings Bay base condi- 

tion maximum current velocities, both in the ebb and flood direction, were 

reduced from about 1.0-1.5 fps to less than 0.3 fps when the plan was 

installed. 

Plan P4-5 

37. The effects of Plan P4-5 on water surface elevations are shown in 

Plates 40-43. Water surface elevations throughout the estuary were changed 

very little by the plan. Maximum changes occurred at stations located in the 

immediate Kings Bay area. Station 6 data showed that the water surface plane 

at this point was lowered about 0.1 ft; station 7 data showed that high-water 

elevation was 0.1 ft higher than base; and station 10 data showed that low- 

water was about 0.2 ft higher than base conditions. 

38. Figures 9-11 show the effects of the plan on flow predominance. 

The effects of the plan on flow predominance along the navigation channel from 

the estuary entrance up to Kings Bay entrance were minimum (very small overall 

increase toward stronger flood flow). No directional change was observed at 

the surface or middepth along the entire profile length. A change in 



direction at the bottom was noted at stations 2074 and 2089, each located in 

the upper end of Kings Bay. The base condition flow predominance value at 

station 2074 (bottom) was in the ebb direction by about 5 percent (weak ebb). 

The plan changed this to a strong flood flow value of 33 percent. The flow 

predominance value at station 2089 (bottom) was changed from a strong flood 

value (35 percent) to a fairly strong ebb value of 16 percent. Again, caution 

should be observed in using these flow predominance values since current 

velocities at this location were generally very low throughout the tidal 

cycle. At station 1066 (middepth) the plan resulted in decreasing a strong 

ebb flow (36 percent) to a value of about 2 percent. 

39. Maximum current velocities along the navigation channel centerline 

(Figures 12-14) were influenced very little by the plan. Again, as observed 

with flow predominance values, the largest changes took place in Kings Bay and 

immediate vicinity. Even with large changes occurring to both flow predomi- 

nance values and maximum current velocities in upper Kings Bay, they are not 

expected to impose any problem to navigation as in each case (station 2074 and 

2089) maximum currents were generally about 1.0-2.0 fps. In general, 

Plan P4-5 would have very little effect on current velocities in Kings Bay or 

entrance channel. Maximum current velocities at station 1066 were increased 

during flood flow and decreased during ebb flow. 

Plan P4-6 

40. The effects of Plan P4-6 on water surface elevations are shown in 

Plates 40-43. The largest change occurred at stations located in Kings Bay 

and immediate vicinity of the closure. Station 6, located at Kings Bay en- 

trance, had very little change to high-or-low water elevations, but did expe- 

rience a slight phase shift during the flood phase of the tide. The plane was 

lowered about 0.2 ft at station 7, but no phase shift was observed. The 

greatest effect of the closure structure was noted at station 10, located up- 

stream from the structure. The water surface plane at this station was raised 

about 0.3 ft and the phase of tide was shifted about 30 min later. 

41. The effects of Plan P4-6 on flow predominance values are shown in 

Figures 9-11. Very little change was noted in the navigation channel down- 

stream from Kings Bay. Changes were observed in Kings Bay and immediate area. 

With the exception of the surface depth, a weak flood predominance existed at 



all stations within Kings Bay during base conditions. With Plan P4-6 in- 

stalled these values were changed to strong ebb flow values. Data collected 

at all depths at station 1142 showed that currents were almost always in the 

ebb direction. Flow predominance values along the entire navigation channel 

were changed toward a slightly stronger ebb. 

42. Effects of Plan P4-6 on maximum ebb and flood current velocities 

are shown in Figures 12-14. These data show that the plan changed maximum 

current velocities very little at stations located along the navigation chan- 

nel and downstream from Kings Bay. Maximum flood current velocities were 

generally reduced to less than 0.2 fps at all depths at stations located in 

Kings Bay. Maximum ebb current velocities at the surface were generally 

slightly higher than those observed during base conditions. Maximum ebb cur- 

rent velocity at station 2089 was increased from 1.7 fps to 3.8 fps with the 

plan installed. Overall, maximum ebb current velocities throughout the water 

column at all stations in Kings Bay were slightly higher than base. 

Plan P4-7 

43. The effects of Plan P4-7 on water surface elevations are presented 

in Plates 40-43. Changes at stations other than station 10 were minor, as 

most changes were on the order of k0.l ft. Low-water elevation at station 10 

were 0.7 ft higher than base, while high-water elevation were about 0.3 ft 

higher. This resulted in an increase in the tidal plane about 0.5 ft, and 

decreased the tide range by about 0.5 ft. 

44. The effects of the plan on flow predominance values are shown in 

Figures 9-11. These data show that flow was generally increased in the flood 

direction along the entire length of the navigation channel. The more evident 

changes occurred in Kings Bay and immediate area. With the exception of only 

a single data point (station 2074 middepth), all data collected upstream from 

station 1182 showed a very dramatic increase in flow predominance in the flood 

direction. 

45. Effects of the plan on maximum current velocities are shown in Fig- 

ures 12-14. These data show that the plan had very little impact on current 

velocities along the navigation channel, except in Kings Bay area. Maximum 

flood current velocities in the navigation channel downstream from Kings Bay 

were increased slightly by the plan. Maximum current velocities in Kings Bay 



during base conditions were decreased from about 0.5-1.5 fps to less than 

0.5 fps. 

Plan P4-8 

46. The effects of Plan P4-8 on water surface elevations are shown in 

Plates 79-82. This plan resulted in very little change to water surface ele- 

vations throughout the estuary. Changes were generally well within the limits 

of model repeatability. The greatest effects were observed at station 10, 

where low-water elevation was 0.1 ft higher than base and high-water elevation 

was 0.1 ft lower than base. These differences in elevations resulted in a 

range increase of 0.2 ft. 

47. Effects of the plan on flow predominance values at stations along 

the navigation channel centerline are shown in Figures 15-17. Effects at the 

surface depth in the downstream portion of the navigation channel were gener- 

ally toward weaker ebb flow, while flow predominance values in Kings Bay and 

immediate vicinity were influenced in the opposite direction toward a stronger 

ebb flow predominance value. Middepth values followed the same general trend 

as observed at the surface. Flow predominance values in the downstream por- 

tion of the channel were changed toward weaker ebb flow, while in Kings Bay 

area, weak flood flow predominance values were generally changed toward a 

weaker flood flow. Flow predominance values at the bottom depth were erratic, 

as increased in the flood direction was observed near the estuary entrance; in 

the mid portion of the navigation channel (sta 1055-1851) flow predominance 

values were increased toward the ebb direction; while flow predominance values 

in Kings Bay and immediate area were generally changed toward increased flood 

flow. 

48. Effects of the plan on maxiqwm current velocities along the naviga- 

tion channel are shown in Figures 18-20. These data show that maximum current 

velocities along the channel were changed very little except in Kings Bay 

area, where both maximum ebb and flood current velocities were increased. 

Maximum current velocities in Kings Bay with the plan installed were generally 

on the order of 1.0 to 2.0 fps. Surface current velocities were usually 

slightly higher. 



Plan P4-9 

49. The effects of Plan P4-9 on water surface elevations are shown in 

Plates 79-82. Very little change was observed throughout the estuary. The 

water surface plane was lowered about 0.1 ft in Kings Bay with no change in 

tidal phase. Low-water elevation at station 10 was raised 0.2 ft, and high- 

water elevation was lowered 0.1 ft, resulting in an increase in tide range at 

this location of 0.3 ft. There was no phase shift observed at station 10. 

50. The effects of Plan P4-9 on flow predominance values are shown in 

Figures 15-17. These data show that the plan had very little effect on flow 

predominance values in the navigation channel except in Kings Bay and immedi- 

ate area. As expected, with the gate open during ebb tide, the flow predomi- 

nance values in Kings Bay were increased in the ebb direction at all depths. 

The overall effect was to change weak flood predominance values into rather 

strong ebb flow predominance values throughout Kings Bay. Flow predominance 

values at station 1014 followed the same general trend as observed in Kings 

Bay. 

51. Effects of the plan on maximum current velocities along the naviga- 

tion channel are shown in Figures 18-20. Generally, maximum current veloci- 

ties downstream from Kings Bay were changed very little. Maximum flood and 

ebb current velocities in Kings Bay and immediate area were decreased, and 

Increased, respectively, by the plan. Maximum flood current velocities were 

decreased to about 0.1-0.3 fps, and maximum ebb current velocities were in- 

creased to about 1.0-2.0 fps. The largest increase occurred at station 2089, 

where maximum current velocities of 4.8 fps, 3.6 fps, and 0.8 fps were ob- 

served at the surface, middepth and bottom depths, respectively. Maximum cur- 

rent velocities observed at this location during base tests were on the order 

o f  1.0 fps to 1.5 fps. Very little change was observed at station 1014, 

Located north of Kings Bay. 

Plan P4-10 

52. The effects of Plan P4-10 on water surface elevations are shown in 

Plates 79-82. Very little change was observed outside the immediate vicinity 

of Kings Bay. The water surface plane was lowered 0.1 ft at stations 6 and 7, 

Located at Kings Bay entrance and the upper end, respectively. The greatest 



e f f e c t  was observed a t  s t a t i o n  10,  located north of Kings Bay. Low-water a t  

t h i s  loca t ion  was ra ised 0 .4  f t  and high-water was lowered 0 . 3  f t ,  r e su l t i ng  

i n  a range decrease of 0.7 f t .  The phase of low water was sh i f t ed  l a t e r  by 

about 30 min. 

53. The e f f ec t s  of Plan P4-10 on flow predominance values a r e  shown i n  

Figures 15-17. Very l i t t l e  e f f e c t s  were observed along the navigation channel 

outs ide  Kings Bay. Overall ,  the small changes noted outside Kings Bay were 

toward increased flood flow. Flow predominance values a t  a l l  depths i n  Kings 

Bay were changed t o  strong flood flow, as  expected, s ince  the  gate  was open 

during the  flood t i d e  and closed during the ebb t i d e .  

54,  The e f f ec t s  of the plan on maximum current  ve loc i t i e s  a r e  shown i n  

Figures 18-20. Very l i t t l e  e f f e c t s  were observed along the navigation channel 

except i n  Kings Bay and immediate a rea .  Maximum current  v e l o c i t i e s  i n  Kings 

Bay were generally decreased by the plan.  



PART VI: REPEATABILITY TESTS 

55. Tests were conducted in the physical model to determine its repeat- 

ability. Tidal height data were collected at 6 locations and current velocity 

data at 12 locations. The location of the stations monitored during this 

phase of the study are show in Figure 1, The basic plan channel, Plan P 4 - I ,  

condition (no remedial measure) was installed in the model throughout this 

phase of the study. Data collection was accomplished on two separate days, 

approximately I week apart. The procedure followed each day was to start the 

model and run to salinity stability prior to initiation of data collection. 

Both tidal and current velocity data were collected during the morning sarnpl- 

ing period and again during the afternoon period. This sequence was repeated 

on the second day. 

56. Current velocities were monitored for three tidal cycles during 

each of the 4 sampling periods (12 data sets). A single current velocity 

meter was assigned to each station and only that meter was used for that sta- 

tion throughout this phase of the study. 

57. The analysis of the tidal repeatability data are presented in 

Appendix B of Granat and Brogdon.* A summary of this analysis showed that 

the maximum deviation in individual measurements was 0.2 ft with no readily 

apparent systematic pattern. Almost systematic deviation of 0.1 ft occurred 

between two-cycles averages. 

58 .  Only the current velocity data obtained at middepth during the 

repeatability tests were statistically analyzed. The results are presented in 

Table 1 and in Plates 118-129. The other data (surface and bottom) are on 

file at WES. Generally, model repeatability was within 20.5 fps during the 

tidal cycl-e, but averaged within 10.25 fps. The model data was therefore 

averaged for three tidal cycles to reduce variability to L0.25 fps overall. 

* Mitchell A. Granat and Noble J .  Brogdon. "Cumberland Sound and Kings Bay 
Pre-Trident and Basic Trident Channel Hydrodynamic and Sediment Transport 
Hybrid Modeling" (in preparation), US Army Engineer Waterways Experiment 
Station, Vicksburg, MS. 



PART VII: CONCLUSIONS 

59. Each of the nine plans investigated had minimum impact on base con- 

dition water surface elevations and currents downstream from Kings Bay. The 

greatest impact of each plan on water surface elevations was observed at Sta- 

tion 10, located in Marianna Creek north of Kings Bay. The greatest impact of 

the plans on current velocities and flow predominance was observed in or near 

Kings Bay. Both magnitude and direction of change were dependent on the 

particular plan. 

60. The results of the repeatability study demonstrates that the model 

was reproducing both water surface elevations and currents within an accept- 

able degree of accuracy; therefore, the results could be successfully used as 

boundary conditions for numerical models. 



Table 1 

Statistical Analysis of Kings Bay Physical Model Mid-Depth Current 

Mean Velocity 
Station Standard Deviation Maximum Maximum 

Minimum 

0.06 

0.08 

0.10 

0.03 

0.09 

0.07 

0.08 

0.03 

0.08 

0.03 

0.03 

0.09 

Flood 

1.59 

1.46 

2.60 

1.57 

2.28 

2.10 

2.21 

1.97 

2.55 

0.98 

0.69 

3.77 

Ebb 

-1.94 

-1.81 

-3.47 

-2.52 

-4.50 

-3.04 

-3.97 

-1.83 

-5.84 

-1.65 

-0.73 

-5.00 



ATLANTIC 

LEGEND 

0 VELOCITY STATION 
A SALINITY STATION 

WATER LEVEL 

S H  

4.000 0 <.WO 8,000 12.000 16,0011 20,000 FT 
PROTOTYPE 

FT 
MODEL 

Figure 1. Model limits and plan condition location map 
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Figure 3. Effects of plans P4-2, P4-3, P4-4 on flow predominance - surface depth 
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0 
- 1 

- 2 
- 3 

m 
- 4  m W - 5 
-6 
-9 

0 1 2 3 4 5 6 7  0 9 1 0  1 1  1 2 0  
T I f lE  I N  HOURS AFTER flOONfS TRANSIT OF 81ST flERIOIRN 

TEST CONDITIONS . - - . - - . . - - . - - . - 
T I D E  R l N M  AT DROE 1 5.0 FT 
OCERN SRLIN ITY(T0TRL SALT1 32.5 PPT 
FRESHWATER INFLOW 1100  CFS 

LEOEND 
BASE - 
PLAN 2 - - - 
PLAN 3 --- 
PLAN 4 ---- 

KINDS BAY HODEL 

EFFECTS OF PLf lNS 
P 4 - 2  s P 4 - 3  ,RNO P 4 - 4  

O M  V E L O C I T I E S  
STATION 
1 0 5 5  

1 I 

PLATE 19 



o 1 e s 4 6 e 7 e o so 1 1  1 2 0  
P INE IN HOURS AFTER HOBNt8 TRBN8IT OF $ I % T  HERIBlAM 

PEST COlOIP1018 
TED% WWHE RT OAm I 
BCEWW SIL IN ITYtTOTBL SALT) 
FRESHHATER IHFLOH 

LEBEHD 
BRBE 
PLAN 2 - -- 
PLAN 3 ------ 
PLWN 4 ------ 

EFFECTS OF PLANS 
P4-2mP4-3,RNQ P 4 - 4  

ON VELOCIT IES 
STATION 
1 0 6 6  

PLATE 20 



5 SURFRCE 

4 

4 

MIDDEPTH 

0 1 2 3 4 5 6 7 8 9 10 11  1 2 0  
TIME IN l4OURS AFTER HOONtS TRANSIT OF 81ST nERIOIRN 

TEST CONDITIONS 
TIDE RRNGE RT GAGE 1 
OCEBN SBLINITYITOTAL SALT) 
FRESHWATER INFLOW 

LEGEND 
BASE - 
PLRN 2 - -- 
PLAN 3 --- 
PLRN 4 ---- 

KINGS BRY flOOEL 
5.8 FT 

32.5 PPT 
ll00 CFS EFFECTS OF PLRNS 

P 4 - 2  sP4-3 SAND P 4 - 4  
O N  VELOClTLES 

STAT I ON 
1 1 4 2  

PLATE 21 



5 B O T T O M  
4 

4 D 

2 c3 
a 
-I 

I Ls 

0 

- 1 

- 2 
-3 

m - 4 m 
LIJ - 5 

- 6 
0 1 2 3 4 5 6 7 B 9 10 1 1  1 2 0  

YIPtE IN HOURS AFTER flOONt6 TURNSIT OF 8161 flERIO%RN 

TEST CONDITIONS 
T I D E  RRNBE FlT GRCE 1 
OCEAN SRLIN%IY[TOPWL SALT1 
FUESHHWTER INFbOM 

LEGtNO 
BRSE 
PLRN 2 - - - 
PLAN 4 
PLAN 4 ---- 

KINGS BRY flOOEL 
5 . 8  FT 

32 - 5  P19T 
1100 CFS EFFECTS OF PLRNS 

PLATE 22 



8 1 2 3  4 5 6 9  8 9 10 11 120 
TIME %H HOURS WFPER MBOMt6 TRANSIT BF 81ST f lERIOIRN 

PEST CBNOIP%ONG 
PIOE RANGE AT WOE L 
OCEBN SRLIHITYtfOTAL SWLTB 
FRESWUATER INFLOW 

LFMPdO 
BWSE - 
PLAN 2 - - - 
PLAN 3 ----- 
PLAN 4 -------- 

IIMW BAY MOOEL 
5.8 FT 
32 a 5  PPT 
1100 CFD EFFECTS OF PLRNS 

$4-2mP4-3 .RND P 4 - 4  
ON VELOCITIES 

STATION 
1 1 8 2  

I I 

PLATE 23  



0 1 2 3 4 5 6 7  I 8 10 11 1 2 0  
T IRE & W  HOUR5 RFTER B@ONt% PRAWtET BP @%ST RERIDIRN 

TEST CBND%TIOk4S 
TIDE R R M M  BY W M  f 
OCEAN BALIN ITYtTOPAL SALT) 
FREbWWWTEW IWFLON 

5.8 FT 
3 2 + 5  PPT 
I l%lQ CP8 EFFECTS OF PLRNS 

$4-2 e P 4 - 3  sRN0 8 4 - 4  
ON VELOCITIES 

8 T A f  %ON 
6 2 7 6  

- - 
PLATE 24 



HIODEPTH 

0 1 2 3 4 5 6 9  8 9 10 11 1 2 0  
T INE I N  HOURS AFTER HOONIS TRANSIT OF 81ST NERIOIAN 

TEST CONDITIONS 
T IDE RRNOE RT WOE I 
OCEAN SRbINXTY(TOPRL SALT) 
FRESHWATER INFLOW 

LEOEN0 
BASE -------- 
PLRN 2 - - - 
PLAN 3 ---- 
PLRN 4 ---- 

32.5 PPT 
i t00 C f 8  EFFECTS OF PLRNS 

P 4 - 2  eP4-3 nRND P 4 - 4  
ON VELOCITIES 

STAT ION 
1 3 8 5  

PLATE 25 



PEST Cfi#OPZBaM8 nlBm ewv noeeL 
5.8 kT 

38.8 PPT 
tloo CPS EFFECTS OF BLRNS 

P4-2 eP4-3 BAND P 4 - 4  
ON VELOCITIES 

I f A T % O N  
2 8 5 1  

I 
PLATE 26 



PEST CO#DlTIONS DtINQS BAY MOOEL 
T IDE URN= RY W M  1 5.8 F t  
OCERH GBLIWITI (POTRL 8 R L f l  92 a 5  PPT 
FREGHYRTER lnFLo# 1100 CFG EFFECTS OF PLANS 

P4-2aP4-3  BRND P 4 - 4  
ON VELOCITIES 

LENNO BTRT l ON 
BR6E - 
PLRN 2 - - - 1885 
PLRN 3 ------ 
BLRM 4 ------ 

PLATE 27  



m 
m 
lbd 

TEST @010%T80MS 
TIDE RRNW BT M W  1 5.6 PV 
OCEWN SRLXNITY (TOTWL 8PIt.I 1 32.6 PBT 
FRESMNWTER 8kIFbQki 11D0 CFS EFFECTS OF $Lg!dS 

LEGEND 
BM6E 
PLWN 2 '- - -- 
PLRW 3 ----- 
P L n l  4 ---,-- 

$ 4 - 2  sP4-3  SWNB $ 4 - 4  
ON VELOCITIES 

DTRTIBN 
1 8 6 9  

k- ~ ----- --- _J 

PLATE 28 



TI f lE  I N  HOURS AFTER fl00N86 TRANSIT OF 81ST flERIOIAN 

KINOS BAY HODEL 

EFFECTS OF PLflNS 
B 4 - 2 . P 4 - 3  SAND P 4 - 4  

ON VELOCITIES 
LEGEND STATION 

BASE - 
PLAN 2 - - - 
PLRN 3 --- 
PLRN 4 ---- 

TEST GONDIP%OMS 
TIDE RANG€ AT 0(1M 1 
OCEAN GRLIMITY(T0TAL 6ALT) 
FRESHNRTER XNFLOU 

PLATE 29 



TEST c o n ~ i r x ~ ~ t ~ . ~  KIMCE BRY ~ O O L B .  
H%13& RRNGE R T  B$+GL 9. SSP  F S  
QCEBI  SWbINtTYlfOTRL S B L P i  32 a 5  PPf 
FRE6WURYEW INFLOW 1 is0 CP8 EFFECTS OF PLRMS 

P4-2BP4-3 ,AND P 4 - 4  
ON VELOCITIES 

6TRTIOI 
1 9 3 5  

L 1 

PLATE 30 



V E L O C I T Y  I M  FPS 
I I i l L I g  8 8 1 1 1 8 1  
9 Q ) U I C M I V ' - O - - i = a 0 0 P M  - 2 m r A ~ U g I V - O - n s w a r r a  

EBB FLOOD EBB F L O W  



0 1 2 4 4 6 6 7 8 $3 80 1 %  1 2 0  
T I f i E  1N HOURS MFSER f lO0N8S T R R N S I T  OF BLST HEW%O%AN 

T E S T  CONOIT1ONS K I N D S  BWY f iO0Eb  
T I D E  RANGE RT WEE 1 5.6 BT 
OCERN SRk%NIlY(i"OTnL S B L I )  32.5 F'PT 
FRESHMWTEW INFLOW l l 0 O  CF% EFFECTS 8F  PLflMS 

P4-2 a P 4 - 3  SAND P 4 - 4  
ON VELOCITIES 

LEGEND STATION 
BWSE 
PLAN 2 - - - 1 9 8 1  
PLAU 3 ----- 
PLRN 4 ------- 

L- - I 

PLATE 32 



0 I 2 3 4 9 6 7  10 9 LO 1 1  1 2 0  
TIRE IN HOURS AFTER tl00NS6 TRRMSIT OF 81ST tlERIOIRN 

TEST CBNDtIIONS KINGS BRY H O ~ E L  
TIDE RRMCE RI CRGE 1 5.8 FT 
OCERN SALlNlTYlTOTRL SALT1 32 - 5  PPT 
FRESHWATER INFLOW la00 CFS EFFECTS OF PLflNS 

P 4 - 2 s P 4 - 3  ,RNO P 4 - 4  
ON \IELO.CITIES 

LEGEND STRTION 
BASE --------- 
PLRN 2 - - - 
PLRN 3 ---- ----- 
PLAN 4 ---- 

I. 1 
PLATE 3 3  



0 1 .2 3 4 5 1 7  8 9 18 11 L2O 
PIHE IN HOURS WFPER nOBNIS TRANSIT OF 818f HEWIDIAW 

LErnNha 
BASE -------- 
BLWP) 2 - - - 
PLRN 3 ------ 
BLAH 4 ------ 

nrwM aar wmeb 
5 .8  FT 

EFFECTS OF PLflNS 
P$-2  aP4-3 sRND P 4 - 4  

ON VELOCITIES 
8TRTION 
1 9 9 9  

I -_ ----- 1 

PLATE 34 



SURFACE 

5.8 PT 
32 .S PPT 
1100 CP8 

nanm s ~ v  Praaa 

EFFECTS OF PLRNS 

L. .- -- _J 

PLATE 35 



Q 1 2 3 4 5 8 7  8 S 18 81 B Z Q  
T I R E  % W  HOURS AFTER UBQHbS PRAWSIT OF 818P BERIDlRL 

PEST COND~TIOWS asar n o e e ~  
TIDE RRHGE RY OR= 1 8 .8  PT 
OCEAN BRLINHTYtTOTRL S R L T )  32.8 P$P 
FRESHHATER INFLOW a BOO tF8 EFFECTS OF PLANS 

PI-2  eP4-3 BWMB P4-4 

LEMEdD 
O M  VELOCITIES 

STW'PIBN 
BRSE --------- 
PCAW 2 - - - 3 0 8 9  
BLRM 3 ------ 
PLRN 4 ------ 

I---__________ - - J  

PLATE 36 



SURFRCE ~ q I Z q I 7 ~ ~  

resr eewonrraNs 
PtBe W W W ~  A T  DRW 1 
aeeAN sRLrFcrr.rcrofnL. ~ R L P I  
FRESHWATER INFLOW 

LEGEND 
BR%f - 
PLRN 2 - - - 
PLRN 3 --- 
?LAW 4 ---- 

5.8  PT 
32 .5  PPT 
1100 CFS 

K I N D 6  BRY WODEL 

EFFECTS OF PLflNS 
$4 -2  mk4-3 SRNQ P 4 - 4  

ON VELOCITIES 
6TRTION 
2 3 2 8  

PLATE 37 



O L 2 3 4 5 6 . 9  8 '3 10 11 1 2 0  
T I H E  I N  HOURS RFPER NOBNtS TRANSIT OF 81ST HERIDIRN 

TEST GONB%OIBWS 
nee nw% RT WR B 
OGERW 8WLlW1TYltBTAL 8RLPI 
PILSHgIPLR 1BPLQI  

L E E N O  
BRSE - 
$LAB 2 - - - 
$LAM 3 ----- 
$LAM 4 ------- 

KINGS BRY flO0EL 

EFFECTS OF PLflNS 
$4-2  sP4-3  8WNO P 4 - 4  

O N  VELOCITIES 
Si-ATION 
2 1 2 2  

PLATE 38 



J 
SURFRCE 

4 

3 

2 
1 
0 

- 1 

-2 
-3 
- 4 
- 5 
-6  
- 4 

5 
BOTTOM 

4 

3 
2 
1 
0 

- 1 

-2 
-3 

-4 
- 5 
- 6 
-7 

0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2 0  
T I H E  I N  HOURS RFTER flOONtS TRRNSIT OF 81ST HERID IRN 

TEST CONDITIONS 
T I D E  RANGE PIT W G E  1 
OGERN S R L I N I T Y ( T 0 T R L  SRLT I  
FRESHWATER INFLOW 

LEGEND 
BASE ---- 
PLRN 2 - - - 
PLAN 3 --- 
PLBN 4 ---- 

5 . 8  F T  
3 2 . 5  PPT 
1 1 0 0  CFS 

KINDS BRY HOOEL 

E F F E C T S  OF PLRNS 
P 4 - 2  sP4-3 SRND P 4 - 4  

ON V E L O C I T I E S  
STRTXON 
2 1 2 4  



o t 2 3 4 s s r 8 s 10 % I  1 2 0  
T lHE IB HOURS WFTER flOOMdS TWRNSHP OF B lST  flERID%RN 

TEST CON0XT%OMS 
TIDE WAMN WT G W M  I 
QCEAN SALONX'rY I TOPBL SALT 1 
FRESHMRPER INFLOU 

LEMND 
BASE ---------- 
PLWN 5 - - - 
FLRN 6 --------- 
PLAN 9 ---- 

5.1 FT 
32.5  PPT 
1109 CPS 

KIN%. BRY YODEL 

EFFECTS OF F'LRNS 
P4-5 eB4-6 sRND P4-7 

ON T I D A L  HEIGHTS 
STAT 1 ONS 

1 1 s  2 s  AND 3 

PLATE 40 



B 1 2 3 4 D 6 7 8 9 10 11 1 2 0  
TIflE IN HOURS RFTER ttBQHt6 TRANSIT OF 8167 flERlO1RN 

TEST COMOITIONS KINDG BRY noon. 
TIDE RANGE AT GAGE 1 5.8 FY 
OCEAN SALINITY(TQTAL SALT) 32 - 5  PPS 
FRESHMATER INFLOW 1100 CFS EFFECTS OF PLRNS 

P 4 - 5  .P4-6  ,AND P 4 - 7  
ON T I D R L  HEIGHTS 

LEMPD STRTI ONS 
BASE ------- 4 5 .  AN0 6 
PLAN 5 - - - 
PLAN 6 --- 
PLRN 9 ------ 

1-- 1 

PLATE 41 



TEST CnMDlftOMS . - - . . . . - . . . . . 

TIDE. WFINW RI W F E  1 5.8 FT 
BCEAM QAL%N%TY(IOTAL SWLY) 32 $9  PPT 
FWESHMBTEW INFLOW 1 lOD CFS 

LE@#D 
BW6C -------- 
PLAN 5 - -- 
PLRH 6 ---- 
PLAN 9 -------- 

WSNM BAY HQBEL 

EFFECTS OF PLRMS 
B 4 - 5 s P 4 - 6 s A M D  $ 4 - 7  
ON P I D R L  WEIGHTS 

8TFIT II 0% 
7 ,  8 .  @NO 8 

PLATE 42 



TI f lE  I N  HOURS AFTER flOONtS TRANSIT OF 81ST flERIOIRN 

TEST CONOIT~ONG 
T I D E  RAMOE AT WOE 1 
OCEAN S A L I N I T Y ( T 0 T I L  SALT) 
FRESHWATER INFLOW 

LEMNO 
BASE --- 
PLAN 5 - - - 
PLAN 6 --- 
PLFlN 7 ---- 

5.8 FT 
32 .5  PPT 
1100 CFS EFFECTS OF PLRNS 

6'4-5.P4-6 ,RNO P 4 - 7  
ON T I D A L  HEIGHTS 

STAT ION 
1 0  

PLATE 43  



0 I 2 3 4 6 6 7  8 9 10 LI I Z O  
TXBE I W  HOURS AFTER H@BNt6 TWWWGIT OF 816T fiEREDIRN 

TEST CONO%T %OM8 
f l D %  RRNBE AT W6E L 
OCERN GRLIWIYYITOTRL 6WLT9 
FRESHUBTER IHFLBH 

LEMMO 
BASE -, 

P L I N  5 - -- 
PLRN 6 ------ 
PLRH "I--- 

EFFECTS OF PLflNS 
$ 4 - S s P 4 - 6  sRND P4-9  

ON VELOCITIES 
STATION 

2 8  

PLATE 44 



S 
SURFRCE 

4 

3 

TEST CONDITIONS 
TIDE R A N M  f lV M l M  1 
OCEAN GALINIPY(T0TRL 6ALTl 
FREGNWRTER INFLOW 

L E M M O  
BASE - 
PLAN 5 - - - 
PLAN 6 --- 
PLAN 7 ---- 

5.8 FT 
32.5 PPT 
1100 CFS 

KINOS BAY flOOEb 

EFFECTS OF PLflNS 
P 4 - 5  sP4-6 SAND P4-7 

ON VELOCIT IES 
STAT I ON 

5 0  

I- I 

PLATE 45 



TEST C8MD%TI@I8 1%1% 8BY HOBEL 
TIBE RRWQE RBY WOE t 5'8 $T 
OtEAW SI%%I~TY(T@T@L %%.la 32 ed $P3' 
FRCINWWVBR 1NFkbbl I LQQ CP8 EFFECT8 bF PLENS 

B4-5 sP4-6 BRNB $4-7 
8% VELBCBTIES 

L R E l D  8PRT IQW 
688C -------- BO 
PLRW i$ - - - 
PLRI @ ----- 
PL@l 7 ------ 

PLATE 46 



SURFRCE 

TEST CONOITIONS 
TIOE RRNOE RT W O E  t 5.8 F T  
OCERN SAL IN ITY[TOTAL SRLT)  32.5 PPP 
FRESHURTER INFLOW 1 1 0 0  CFS 

L E W H D  
BRSE ---------- 
PLAN 5 - - - 
PLRN 6 --- 
PLAN 9 ---- 

KINDS BRY HOOEL 

EFFECTS OF PLflNS 
P4-SmP4-6 .FINO P4-7 

ON VELOCIT IES  
STATION 

1 6 0  

PLATE 47 



0 8 2 3 4 5 6 7 8 9 00 11 1 2 0  
TIHE I N  HOURS AFTER flOONtS TRANSIT OF 81ST HERIBIWH 

TIDE ~ ~ w w - i i  i 
OCEAN SALINITY! 
FRESHHATER IWFL 

5.8 FT 
32 .B PPP 
1100 CFS 

TEST CONO%T%ONS I H N ~  BAY NODEL 
mcE 1 
L TQTWL SALT 1 
- 0 1  EFFECTS OF PLflNS 

. , 

ON VELOCITIES 1 
LtMWO 8TAIKOH 

BPBljE - 180 
PLRN 5 - - - 
PLAN 6 --- 
PLAN 7 ---- 

PLATE 48 



0 1 2 3 4 5 8 7 8 9 1 0 1 1 1 2 0  
TlnE IW HOURS AFTER flOONtS TWANSlT OF 81ST tiERIOIAN 

TEST GOM9ITKOWS 
T K O E  rtamz AT (RRM 1 5.8 FT 
OCERW SRLINKTYITOTRL SRLT) 32.5 PPT 
FRESHWATER IWFLOM 1100 CFS EFFECTS OF PLflNS 

B4-5mP4-6 ,RNO P4-7 
O N  VELOCITIES 

STAT ION 
230 

LEMMD 
BASE ------- 
PLAN 5 - - - 
PLRN 6 ---- 
PLAN 7 ---- 

- 

PLATE 49 



2 3 1 5  6 4  B 9 1 8 1 1 1 2 0  
TIHE 1W HOURS RFTLR flOOM16 TRBW8Et OF 8L6T flLR1OXIN 

%EST 6QMBi918N8 
TOOE RWWW WT ME I B-B FT 
06EWN BALINITYITOTBL SALT) 32 e 5  BPT 
PRESHWWTER IMFLOM 3900 CPEi 

LEZWO 
Base - 
PLPIDd 5 - --- - 
PLWW B --- 
PLAN 7 ---- 

PLATE 50 

KXNM BAY flQBEL 

EFFECTS OF PLRNS 
$4 -5uB4-6  e8MD $4-9 

QN VELOCIT IES 
BTWTlQW 

240 



SURFRCE 
r l I I I I T--- 

0 1 2 3 4 5 6 7 8 9 10 11 1 2 0  
T I M  IN HOURS RCTER flOOW16 TRRNSXT OF B I S T  f iERIOl lU  

TEST CONDITIONS 
TIDE RBNGE RT OFICE 1 
OCEAN SALINITYlTOTRL SRLP) 
FRESHWATER INFLOW 

LEMND 
BASE ---- 
PLAN 5 - -- 
PLAN 6 --- 
PLRN 7 ---- 

5 . 8  FT 
32.5 PPT 
1100 CFS EFFECTS OF PLRNS 

P 4 - 5  vP4-6 SAND P 4 - 7  
O N  VELOCLTIES 

STAT I ON 
396 

I 
PLATE 51 



0 1 2 9  4 5 6 9  8 9 10 11 1 2 0  
TIRE %N HOURS AFTER ?iOONtS TRWNSXT OF 6lST flERIOlAN 

TEST CONDXTIOMS 
TIDE RANGE RT 686E L 
OCERM SRLINITY(T0TAL SALT) 
FRESHWWTER INFLOW 

L E M N U  
BRSE - 
ISLAM 5 - - - 
PLWN 6 --- 
PLAN 3 ---- 

6 . 8  FT 
32.5 PPT 
kt00 CFS EFFECTS OF PLRNS 

P4-5aP4-6aF INO P 4 - 7  
O N  VELOCITIES 

STAT I ON 
584 

PLATE 5 2  



D 1 2 3 4 5 1 7  8 0 1 0  11 1 2 0  
T%flL XH HOURS RPTEW flOQN86 TRANGIT OF 81SP HEUIUIAM 

TEST CONBlTION8 
T IDE RANGE RT MIX 1 
DCERN SRLINITVITOTBL 6RL.T) 
FRESHWATER INFLOW 

LEGEND 
BASE - 
PLAN 5 - - -- 
PLAN 6 --- 
PLBN 7 ---- 

5 - 8  FP 
32 a S  PPT 
0 1 0 0  CF8 EFFECTS OF PLRNS 

P4-SeP4-6aWNO P4-7 
OM V E L O C I T I E S  

STRT I OM 
6 5 0  

PLATE 53 



PEST G O W D I Y i O I 6  
T IDE A R N E  AT MfX 9. 5 .8  P7 
DCEBN 81L%#%TYIT@TA& 81bfB 32 * 5  PP7 
FRLGHMAVEW HHPIQM 1100 CFS 

L E E I D  
B188E -------- 
P b l l  B - - - 
PLAN B ------ 
PLRl 7 ---- 

EFFECTS OF BLRNS 
P4-DwP4-G BAND P4-7 

ON VELOCITIES 
ST87 ION 

812 



TEST CONDITIONS KINM 86\11 RODEL 
TlDE RANGE AT G R N  1 5.8 FT 
OCEAN SRLINITYtTBTRL SALT) 32 - 5  PPT 
FRESHWATER INFLOM 1100 CFS EFFECTS OF PLf lNS 

B4-5.P4-6 ,RNO P4-7 
ON  VELOCITIES 

LEGEND STATION 
BRSE - 818 
PLAN 5 - - - 
PLAN 6 --- 
PLAN 7 ---- 



IPIW BAY BOOEL 

PLATE 56 



TEST CON01 :LON5 K I N G S  BRY IIOOEL 
l 19e  RsiJDf: ~r WGE 1 5 . 8  FT 
flCEC4 SRL.:M; r f l  'FOTRL SRk7) 3 2 . 5  P P r  
FR! iS ; ; i : ,?  r c2  ZNFLOW Ii00 CFS EFFECTS OF PLGNS 

P 4 - 5 e P 4 - 6  SRNQ P 4 - 7  
ON V E L O C I  TYES 

LEGENO 
f]:;''c ----- 
PLRH 5' - - - 
PLRN 6 . 
P!RN 9 

i -. .---I 

PLATE 57 



MIRE5 BRY RODEL 

PLATE 58 



0 1 2 3 4 5 6 7  8 9 10 1 1  1 2 0  
TlHE IN hOJRS RFTE9 HOONtS TRRNSIT OF 8lST HESLOIAN 

TEST CONDITIONS 
flOE RANGE RT GRGE 1 
OCEAN SRLINi T Y  [ TO IRL SRLT l 
FREShkRYER INFLOW 

LECENO 
BRSE ---- 
PLRN 5 - - - 
PLAN 6 --- 
PLRN 7 -- . - 

5.8 FT 
32.5 PPT 
1100 CFS EFFECTS OF PLflNS 

P4 -5SP4-6  ,RNO P4-7 
ON V E L O C I T I E S  

STRTiON 

1066 

I I 

PLATE 59 



5.8 $T 
32.5 PPT 
aioo c ~ s  

PLATE 60 



0 A 2 3 4 5 6 7 8 9 10 1: i20 
PIKE I N  HOURS RF'ES flOONtS lRRNSIr  OF 81ST flERIOIqN 

fE5T CONDITIONS 
T I D E  RRNCE 4'  C4CE 1 
OGE9M SF3l.iNIfYl rOPqL SRLT 1 

FqESIIWQ'ES ZYFLOM 

LEGEND 
BASE ---------- 
PLRN 5 - - - 
Pl.RN 6 -- - 
PLAN 7 --- 

HIYGS BRY flODEL 
5 . 8  FI 

3 2 . 5  P P T  
1100 CFS EFFECTS OF PLflNS 

I 
PLATE 61 



f E 8 %  COMUlTindS MIWGS BRY HODEL 

LEGFBJO 
B38E --. 
PLC% 5 -- - - 
$LAB 8 - .  - -  
PLAN 9 '--- -- 

EFFECTS OF PLBNS 
B 4 - 5  wP4-6 VRNO B4-'7 

Q N  VELOCITIES 

~ -" ~ .J 

PLATE 62 



L'U 1 1 L 1 1  

PEST ~ O N O L T I O N S  
f :DE RdNOE 9r GAGE 1 
O G E W  SR: TNI T y  I TdTAL SALT : 
F?ESHLEi'ER INbLOW 

bt  EFVD 
BRSE -- 
PLAN 5 - - -- 
D i 7 Y  6 - . -  
PLRH 7 - - - .  - 

5.8 FP 
32.5 PPT 
1100 GFS 

dIHGS BRY HODEL 

EFFECTS OF PLRNS 
P 4 - 5 s a 4 - 6  .FIND P4-7 

ON VEL0CYi;ES 
STATION 
1 2 7 6  

1 

PLATE 63 



TEST COWDIPIONS 
T I D E  RWPBBE WT WGE 1 
OCEAN SlL%NITYLPOTAB SALT) 
FRESWMRTER XNFLOW 

LEOEND 
8 61 5 E --------- 
PLAN 5 --- - -- 
PLAN 6 --- 
PLBN 7 ------ 

KIN= BRY flOOEL 

EFFECTS OF PLRNS 
P 4 - 5 s P 4 - 6  s8ND B4-'7 

ON VELOCITIES 
8TRT % ON 

41385 

PLATE 64 
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